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Drawings 

The drawings are objected to as failing to comply with 37 CFR 1 .84(p)(5) 
because they do not include the following reference sign(s) mentioned in the 
description: "100". Corrected drawing sheets in compliance with 37 CFR 1.121(d) are 
required in reply to the Office action to avoid abandonment of the application. Any 
amended replacement drawing sheet should include air of the figures appearing on the 
immediate prior version of the sheet, even if only one figure is being amended. The 
replacement sheet(s) should be labeled "Replacement Sheet" in the page header (as 
per 37 CFR 1 .84(c)) so as not to obstruct any portion of the drawing figures. If the 
changes are not accepted by the examiner, the applicant will be notified and informed of 
any required corrective action in the next Office action. The objection to the drawings 
will not be held in abeyance. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

Claims 1-5,7,9,1 1-13 and 20 are rejected under 35 U.S.C. 102(b) as being 
anticipated by U.S. Patent 6,173,084 to Aach et al. (Aach). 



Application/Control Number: 09/978,275 Page 3 

Art Unit: 2623 

As to claim 1, Aach discloses, an apparatus for suppressing noise in an input 
image signal representing a radiographic image (col. 6, lines 10-40; Fig. 1), comprising: 

a smoothing unit which processes said input image signal by using a 
smoothing filter so as to smooth said radiographic image (col. 6, lines 42-55, Aach 
teaches the filters "41 ","42" and "43" generate the filtered (smoothed) detail image 
signals); and 

a characteristic calculation unit which obtains at least one first characteristic of 
said input image signal by calculation based on first information indicating an exposure 
does with which said radiographic image has been produced (col. 9, lines 40-48, The 
disclosed elements derive the local gradients from the pixel values of the input detail 
images derived from the original image signal. The original input signal being directly 
affected by exposure does and the apparatus used to generate the image.); 

said smoothing unit adapts at least one second characteristic of the smoothing 
filter to said input image signal based on said at least one first characteristic (col. 6, 
lines 60-65, From the equation col. 6, line 64 one can see the weighting factor a 
employed by the smoothing filter is a function of the derived local gradient value 
discussed above.). 

As to claim 2, Aach further discloses an apparatus further comprising a band- 
limited-image-generation unit which generates a plurality of band limited image signal 
respectively representing a plurality of band-limited images belonging to a plurality of 
different frequency bands, based on said input image signal (col. 6, lines 10-14; Fig. 3), 
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said smoothing unit processes said plurality of band-limited image signals by sing 
said smoothing filter so as to smooth each of said plurality of band-limited images (col. 
6, lines 28-35, Aach teaches each of the frequency-band image signals is applied to a 
filter, which supplies the filtered (smoothed) detail image.). 

As to claim 3, Aach further discloses an apparatus wherein said band-limited- 
image-signal generation unit generates said plurality of band-limited image signals by 
performing multiresolution decomposition of said input image signal (col. 6, lines 12-18, 
Aach teaches a plurality of frequency-band image signals at several resolution levels). 

As to claim 4, Aach further discloses an apparatus wherein said characteristic 
calculation unit obtains said at least one first characteristic of said input image signal 
base on second information locally calculated from pixel values in a neighborhood of a 
pixel of interest in at least one of said plurality of band-limited images represented by at 
least one of said plurality of band-limited image signals, as well as said first information 
(coL 3, lines 22-35, Aach teaches that the weight factor is obtained by finding the 
direction in which the neighboring pixel is located in the current detail image with 
respect the to pixel being filtered (pixel of interest) and calculating the magnitude of the 
difference between the pixels in said direction (pixel vector).). 

As to claim 5, Aach further discloses an apparatus wherein said characteristic 
calculation unit obtains a pixel vector at said pixel of interest in said at least one of said 
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plurality of band-limited images (col. 3, lines 22-35, Aach teaches that the weight factor 
is obtained by finding the direction of a neighboring pixel with respect the to pixel being 
filtered and calculating the magnitude of the difference between the pixels in said 
direction (pixel vector).), and detects an orientation of an edge as said second 
information (col. 4, lines 14-31) Aach teaches how the weighting factors take into 
account the direction and magnitude of gradients and how they indicate an edge), and 

said smoothing unit arranges said at least one second characteristic of said 
smoothing filter so that said radiographic image is smoothed along said orientation of 
said edge (col. 4, line 14-45, Aach teaches the weighting factors are appropriately 
calculated according to gradient directions in order to preserve edge structures.). 

As to claim 7, Aach discloses a method for suppressing noise in an input image 
signal representing a radiographic image (col. 1, lines 35-37), said method comprising 
the steps of: 

(a) obtaining at least one first characteristic of said input image signal by 
calculation based on information indicating an exposure does with which said 
radiographic image has been produced (col. 9, lines 40-48, The disclosed elements 
derive the local gradients from the pixel values of the input detail images derived from 
the original image signal. The original input signal being directly affected by exposure 
does and the apparatus used to generate the image.); 

(b) adapting at least on second characteristic of a smoothing filter to said 
input image signal based on said at least one first characteristic (col. 6, lines 60-65, 
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From the equation col.6, line 64 one can see the weighting factor a employed by the 
smoothing filter is a function of the derived local gradient value discussed above); and 
(c) processing said input image signal by using said smoothing filter so as to 
smooth said radiographic image (col. 6, lines 42-55, Aach teaches the filters "41 ","42" 
and "43" generate the filtered (smoothed) detail image signals). 

As to claim 9, Aach discloses a method for suppressing noise in an input image 
signal representing a radiographic image, said method comprising the steps of: 

(a) generating a plurality of band-limited image signals respectively 
representing a plurality of band-limited images belonging to a plurality of different 
frequency bands, based on said input image signal (col.6, lines 10-14); 

(b) obtaining at least one first characteristic of said input image signal by 
calculation based on information indicating an exposure dose with which said 
radiographic image has been produced (col. 9, lines 40-48, The disclosed elements 
derive the local gradients from the pixel values of the input detail images derived from 
the original image signal. The original input signal being directly affected by exposure 
does and the apparatus used to generate the image.); 

(c) adapting at least one second characteristic of a smoothing filter to said 
input image signal based on said at least one first characteristic (col. 6, lines 60-65, 
From the equation col.6, line 64 one can see the weighting factor a employed by the 
smoothing filter is a function of the derived local gradient value discussed above); and 
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(d) processing said plurality of band-limited image signals by using said 
smoothing filter so as to smooth each of said plurality of band-limited images (col. 6, 
lines 28-35, Aach teaches each of the frequency-band image signals is applied to a 
filter, which supplies the filtered (smoothed) detail image.). 

As to claim 11, Aach discloses an apparatus for suppressing noise in an input 
image signal representing a radiographic image, comprising: 

a band-limited-image-signal generation unit which generates a plurality of band- 
limited image signals respectively representing a plurality of band-limited images 
belonging to a plurality of different frequency bands, based on said input image signal 
(col. 6, lines 10-14, Fig. 3); 

an index value obtaining unit which obtains at least one index value indicating a 
degree of suppression of said noise, based on information indicating an exposure dose 
with which said radiographic image has been produced (col. 6, lines 42-65, Aach 
teaches that the filters compute the local weighted average, this includes the calculation 
of the weighting factor a, these weighting factors are normalized so that the sum over 
the region is unity, thus the weighting factor a is an index value indicating a degree of 
suppression.); 

a noise suppression unit which processes each of said plurality of band-limited 
image signal so as to suppress noise in each of said plurality of band-limited images 
based on said at least one index value (col. 6, lines 42-65). 
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As to claim 12, Aach further discloses the index value obtaining unit obtains said 
at least one index value indicating the degree of suppression of the noise for each of 
said plurality of band-limited image signals (col. 6, lines 42-65. Aach teaches that a 
weighting factor a is calculated for each pixel at each resolution level, thus at least one 
index value indicating a degree of suppression is calculated for each image signal), and 

Said noise suppression unit process each of said plurality of band-limited image 
signals so as to suppress the noise in each of said plurality of band-limited images 
based on said at least one index value obtained for said each of a said plurality of band- 
limited image signals (col. 6, lines 42-65). 

As to claim 13, Aach further discloses said index-value obtaining unit obtains 
said at least one index value indicating the degree of suppression of the noise for each 
pixel of each of said plurality of band-limited images (col. 6, lines 42-65, Aach teaches 
that a weighting factor a is calculated for each pixel at each resolution level), and 

Said noise suppression unit processes each of said plurality of band-limited 
image signals so as to suppress noise in said each pixel of each of said plurality of 
band-limited images based on said at least one index value obtained for said each pixel 
of said each of said plurality of band-limited images (col. 6, lines 42-65,). 

As to claim 20, Aach discloses a method for suppressing noise in an input image 
signal representing a radiographic image, said method comprising the steps of: 
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(a) generating a plurality of band-limited image signals respectively 
representing a plurality of band limited images belonging to a plurality of different 
frequency bands, based on said input image signal (col. 6, lines 10-14); 

(b) obtaining at least one index value indicating a degree of suppression of 
said noise (col. 6, lines 42-65, Aach teaches that the filters compute the local weighted 
average, this includes the calculation of the weighting factor a, these weighting factors 
are normalized so that the sum over the region is unity, thus the weighting factor a is an 
index value indicating a degree of suppression.) based on information indicating an 
exposure does with which said radiographic image has been produced (col. 9, lines 40- 
48, The disclosed elements derive the local gradients from the pixel values of the input 
detail images derived from the original image signal. The original input signal being 
directly affected by exposure does and the apparatus used to generate the image.); and 

(c) processing each of said plurality of band-limited image signals so as to 
suppress noise in each of said plurality of band-limited images based on said at least 
one index value (col. 6, lines 42-65). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable over Aach in 
view of U.S. Patent to 5,351 ,305 to Wood et al. (Wood). 

Aach discloses all the limitation of the apparatus according to claim 1. Aach 
does not disclose the smoothing filter includes for each of a plurality of predetermined 
directions a plurality of filters respectively smoothing said radiographic image in said 
each of a plurality of predetermined directions to a plurality of different degrees, or 

said smoothing unit adapts said at least one second characteristic of said 
smoothing filter to said input image signal by selecting on of said plurality of filters 
based on said at least one first characteristic of said input image signal. 

Wood discloses a smoothing filter that includes a plurality of filters at 
predetermined directions (col. 5, lines 7-13, Wood also teaches that the filters are at 10 
degree increments), and that the smoothing filter selects one of the plurality of filters 
based on at least one characteristic of the input image signal (col. 4, lines 61-68, Wood 
teaches comparing the angle of the edge with the preselected array of directions 
corresponding to the directions of preselected directional filters.). 

The teachings of Aach and Wood are combinable because they are both in the 
same field of endeavor, namely smoothing and edge enhancement in medical imaging. 
It would have been obvious to on of ordinary skill in the art at the time the invention was 
made to modify the apparatus (namely the smoothing unit) of Aach to include a plurality 
of directional filters which the smoothing unit selects based on the input image signal as 
taught by Wood. One of ordinary skill would have been motivated to do so because by 
having a plurality of filters at different angles, the smoothing unit would select a filter 
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close to parallel with the edge. This would allow for smoothing of the image with 
reduced blur along edges, thus improving visibility and definition of structures, which is 
extremely important in medical imaging. 

Claims 8,10 and 21 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over U.S. Patent 6,173,084 to Aach et al. (Aach). 

Claims 8,10 and 21 are computer-readable storage medium claims, which 
correspond to claims 7, 9 and 20 respectively. Arguments analogous to those presented 
above with respect to claims 7,9 and 20 are applicable to claims 8,10 and 21 . While 
Aach is silent with regard to the computer-readable storage medium storing a program 
which instructs a computer to execute a method for suppressing noise in an input image 
signal representing a radiographic image, Aach discloses the image processor 
according to the invention particularly suitable for performing the method according to 
the invention may be carried out by a suitably programmed computer. However, it is 
well known that computers utilize hard disk drives to store data such as programs. CD 
ROMs and other portable storage devices are also widely used to store computer 
programs for implementation on a computer. One would have been motivated to include 
a computer-readable storage medium, such a CD ROM, to store a computer program 
because they have high storage capacity, are relatively cost effective, and are very 
stable for safe, permanent storage. 
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Claims 14-17 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
U.S. Patent 6,173,084 to Aach et al. (Aach) in view of U.S. Patent Publication 
2002/0094114 by Ogino. 

As to claim 14, Aach discloses all the limitations of claim 12. Aach further 
discloses the index-value obtaining unit obtains a first evaluation value from a first one 
of said plurality of band-limited image signals belonging to a first one of said plurality of 
different frequency bands and a second evaluation value from a second one of said 
plurality of band-limited image signals belonging to a second one of said plurality of 
different frequency bands which is lower than said first one of said plurality of different 
frequency bands. Aach also discloses the filtered detail images are adjusted on the 
basis of gradients in the detail image of the next courser resolution level and obtains a 
degree of suppression of the noise for said first one of said plurality of band-linnited 
image signals (col. 6, lines 42-65, Aach discloses calculations and filtering are 
performed for each respective resolution level.). Aach does not disclose determining 
weights based on said information indicating exposure does with which the radiographic 
image has been produced, for use in a weighted sum of said first and second evaluation 
values, obtains said weighted sum, and obtains based on said weighted sum at least 
one index value indicating the degree of suppression of the noise for said first one of 
said plurality of band-limited image signals. However, Ogino teaches summing the 
variance of pixel values of neighboring slices in a series of multislice images and that an 
appropriate weight may be applied in the addition (paragraph 0123- 0125; Fig. 10). This 
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new variance value is then used to determine (evaluate) the suppression of the current 
pixel (paragraphs 0111-0119). 

The teachings of Aach and Ogino are combinable because they are both in the 
same field of endeavor, namely, processing of medical images. It would have been 
obvious to one of ordinary skill in the art at the time the invention was made to have the 
apparatus disclosed by Aach perform the process of obtaining a weighted sum of first 
and second evaluation values as taught by Ogino, then obtain the index value indicating 
the degree of suppression. One would have been motivated to combine these teaching 
because it would provide a more exact pixel value adjustment (Ogino, paragraph 0126) 
and better distinguishes structures between image structures that appear on several 
resolution levels and image structures at only a few resolution levels (Aach, col. 2, lines 
6-11). 

As to claim 15, Aach further discloses said index-value obtaining unit obtains 
each of said first and second evaluation values for each pixel of one of said plurality of 
band-limited images corresponding to said each of evaluation values, based on pixel 
values of said one of said plurality of band-limited images in a neighborhood of said 
each pixel (col. 3, lines 22-35, Aach teaches that the weight factor is obtained by finding 
the direction in which the neighboring pixel is located in the current detail image with 
respect the to pixel being filtered (pixel of interest) and calculating the magnitude of the 
difference between the pixels in said direction (pixel vector).). 
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As to claim 16, Aach further discloses said index-value obtaining unit obtains as 
each of said first and second evaluation values a pixel vector at each pixel of one of 
said plurality of band-limited images corresponding to said each of said at least one 
index value based on at least one of a length and an orientation of said pixel vector (col. 
3, lines 22-35, Aach teaches that the weight factor is obtained by finding the direction in 
which the neighboring pixel is located in the current detail image with respect the to 
pixel being filtered (pixel of interest) and calculating the magnitude of the difference 
between the pixels in said direction (pixel vector).). 

As to claim 17, Aach further discloses the apparatus obtains at said at least one 
index value at least one of a degree of edge confidence (col. 4, lines 65-68, Aach 
discloses the sum of gradients represents the position and strength of edges in the 
image), an amount of pixel energy, and a vector orientation (col. 3, line 64- col. 4, line 5, 
Aach teaches that the relative directions of corresponding vectors (vector orientation) 
determine the weights in order to reduce noise, that is, it determines whether signal is 
structure or noise (pixel energy)). 

Claim 18 is rejected under 35 U.S.C. 103(a) as being unpatentable over U.S 
Patent 6,173,084 to Aach et al. (Aach) in view of U.S. Patent 5,550,888 to Neitzel et al. 
(Neitzel). 

As to claim 18, Aach discloses all the limitations of the apparatus according to 
claim 11, and wherein said noise suppression unit processes one of said plurality of 
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band-limited image signals so as to generate a transformed image signal. Aach does 
not disclose obtaining a weighted sum of said one of said plurality of band-limited image 
signals and said transformed image signal by using weights determined based on said 
at least one index value. However, Neiztel discloses a method in which a transformed 
low-pass image is summed with the original input image (col. 6, lines 38-45). 

The teachings of Aach and Neiztel are combinable because they are both in the 
same field of endeavor, namely, processing of X-ray images. It would have been 
obvious to one of ordinary skill in the art at the time the invention was made for the 
apparatus disclosed by Aach, perform the process of obtaining a weighted sum a band- 
limited image signal and the transformed image. One would have been motivated to do 
this because it would result (less processed) looking image, making it easier to read and 
interpret when the plurality of resolution images are recombined, and also maintains 
more of the original image (avoids/reduces unnecessary losses) if the transformed 
image is not heavily filtered. 

Claim 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of Aach and Neitzel as applied to claim 18 above, and further in view of 
U.S. Patent 5,461 ,655 to Vuylsteke et al. (Vuylsteke) 

Aach further discloses that filter is dependent on a length and orientation of the 
pixel vector (col. 3, lines 22-35, Aach teaches that the weight factor is obtained by 
finding the direction in which the neighboring pixel is located in the current detail image 
with respect the to pixel being filtered (pixel of interest) and calculating the magnitude of 



Application/Control Number; 09/978,275 Page 16 

Art Unit: 2623 

the difference between the pixels in said direction (pixel vector).) but does is silent with 
regard to the transformed image signal being obtained by convolution. However, 
Vuylsteke does disclose smoothing using a convolution filter (col. 1 1 , lines 57-60). 

The teachings of Aach, Neitzel and Vuylsteke are combinable because they are 
all in the same field of endeavor, namely, processing of X-ray images, further Aach and 
Vuylsteke employ multiresolution decomposition in their methods. It would have been 
obvious to one of ordinary skill in the art at the time the invention was made to have the 
orientation dependent filter taught by Aach be a convolution filter as taught by Vuylsteke 
because such filters are easily implemented using a computer and are extensively used 
in processing digital images. 



Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. U.S. Patent 5,442,462 to Guissin is cited for teaching multi- 
directional smoothing and adaptive noise reduction. U.S. Patent 5,717,791 to Labaere is 
cited for teaching multiresolution decomposition. U.S. Patent 5,956,427 to Greenspan is 
cited for teaching pyramid image representation and directionally orientated filters. U.S. 
Patent 6,674,915 to Wang is cited for teaching steerable pyramids. U.S. Patent 
5,050,227 to Furusawa et al. is cited for teaching smoothing tangential to a contour and 
edge detection. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Anthony Mackowey whose telephone number is (703) 
306-4086. The examiner can normally be reached on M-F 9:00-6:00. 

If attempts to reach the examiner by telephone are unsuccessful, the exanniner's 
supervisor, Amelia Au can be reached on (703) 308-6604. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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